This study investigated the effectss of nesting Gray-headed Lapwings Microsarcops cinereus on the intensity of the predation by Carrion Crows Corvus corone on eggs in artificial nests at the Nabeta reclaimed land in 1990 and 1991. The survival rate of the eggs in artificial nests increased during the Gray-headed Lapwings' breeding season because of their nestdefense behavior. Among the artificial nests placed in their territory the number of survivors for 24 hours was larger during the incubating and fledging period than during the territory-making period. The number of Carrion Crows that intruded in the defended area during the breeding season of Gray-headed Lapwings was significantly smaller than that during the pre-breeding period. These findings suggest that the nestdefense behavior of Gray-headed Lapwings inhibits the opportunities of nest predation by Carrion Crows.
The Gray-headed Lapwing Microsarcops cinereus, of the family order Charadriidae, which usually breeds in a loose colony on a plain or paddy-field, exhibits intense nest-defense behavior and engages in communal anti-predator attacks when threatened (OKUGAWA et al., 1970) . Similar nest-defense behaviors have also been reported in other bird species (ELLIOT, 1985b; BYRKJEDAL, 1989) .
A study by ELLIOT (1985a) showed that the presence of Lapwings. Vanellus vanellus had a decreasing effect on the predation rate upon artificial nests mainly preyed on by Carrion Crows Corvus corone. Elliot also mentioned that aggregation of Lapwings tended to reduce the number of Crows from Lapwings' nesting area.
As well, GORANSSON et al. (1975) concluded that, because of the defense behavior of Lapwings, the predation rate of artificial nests in a particular Lapwings' nesting plot was significantly lower than the predation rate in a nesting plot where Lapwings were not present. STONE & TROST (1991) described another bird species' mobbing behavior and alarm calls when predators approached.
Generally, nest predation has been considered to be a main mortality factor of nestlings (RICKLEFS, 1969) . If the assumption that parental defensive behavior is related to decreased nest predation is valid, then one can conclude that parents can raise the offspring-mortality rate by attacking and eliminating birds that prey upon their nestlings.
Research literature revealed few references to Gray-headed Lapwings in the context of the relationship between nest-defense effect and nest predator. The present study focused mainly on the effects of nesting Gray-headed Lapwings on the intensity of nest predation by Carrion Crows. The questions that will be examined here are: (1) whether the predation risk is reduced around the nests of Gray-headed Lapwings, and (2) whether the predatory behavior of Carrion Crows can be changed by the defense behavior of Gray-headed Lapwings.
STUDY AREA AND METHODS

1) Study area
The study colony was situated on the Nabeta reclaimed land (35* 03' N, 136*46'E; 288 ha in area), which faces Ise Gulf and has been used as a paddy-field in Aichi Prefecture (Fig. 1) . The study area was divided into a total of 347 grid squares with sides of 100 meters long each (1.0 ha in area). Grids are illustrated in Figure 2 .
In this study, the grid in which Gray-headed Lapwing's nest existed was defined as 'the defended area'. Observations determined that Gray-headed Lapwings were most likely to defend (either by crying out loudly when intruders appeared or by attacking them) in an 1.0 hectare range from their nests.
2) Materials
Gray-headed lapwings make nests on the surface of the ground with a little amount of straw. These nests combine to form loose colonies. Both parents incubate their eggs, usually 3 or 4 eggs per clutch, for about 30 days, from March to April (OKUGAWA et al., 1970; OHNO, unpubl. data) . During the incubation period and after hatching, parents defend their chicks from predators and keep them out of cold over a period of one month (OKUGAWA et al., 1970; OMNO, unpubl. data) . Since chicks can walk and feed for themselves soon after hatching, parents do not feed them (OKUGAWA et al., 1970) .
During the breeding season, defense behavior by Gray-headed Lapwing parents for their nests or their chicks becomes more intense. When predators (such as Crows, raptors, dogs, and other predatory animals) approach their nests, both parents aggressively fly at and attack the predators, while emitting loud alarm calls. Parents often gather with neighboring adults, and together attack predators until they retreat (OKUGAWA et al., 1970) . This behavior has also been reported for the Lapwing Vanellus vanellas (ELLIOT, 1985a,b; WALTERS, 1990) . Gray-headed Lapwings were observed to inhabit the current study area only in the breeding season, whereas they overwintered mainly at dry river bed near the study area.
The Carrion Crow Corvus corone is a main nest predator of the Gray-headed Lapwing in the area in which this study was conducted. It is considered to be a main nest predator for other nesting birds as well (BURGER & HAHN, 1977; LOMAN & GORANSSON, 1978; SUGDEN & BEYERSBERGEN, 1986 ).
3) Artificial-nest experiments The artificial-nest experiments in the Nabeta reclaimed land were carried out in 1991 during the breeding and post-breeding seasons of Gray-headed Lapwings. These seasons were further subdivided into five periods: the visiting period (experiments began on March 6), the territory-making period (on March 12), the incubating period (on April 9), the fledging period (on June 28) and the post-breeding period when all Gray-headed Lapwings had vacated the area (on December 4).
The artificial nests consisted of small straw models of Gray-headed Lapwing's nest. Two hen's eggs, painted to simulate the eggs of the Gray-headed Lapwing, were placed in each nest. The mean weight of these two eggs (about 100g in total) was almost equal to that of a full clutch of four Gray-headed Lapwing eggs (X* =25 .1, SD=1.52), thereby providing predators with almost the same benefit in nutritional value. It was assumed that larger eggs could be more easily detected by predators.
The artificial nests were set at 45 places at about 280-meter intervals in the southern part of the Nabeta reclaimed land (Fig. 2B ), where Gray-headed Lapwings had gathered in June 1990. The nests were placed on boundary paths between paddy-fields, where main nest sites of Gray-headed Lapwings had not been destroyed by cultivation. Each nest was checked 24 hours after setting, and then at 2-or 3-day intervals. All the nests were set with newly-painted hen's eggs at the same place during every breeding period. In this study, pink-colored tags were pinned near the nests so that the sites of artificial nests could be found easily. It was thought that placing markers near the nests was not likely to increase the opportunities of Carrion Crows to prey on nest (as suggested in GALBRAITH, 1987; O'REILLY & HANNON, 1989) , although opposite results have also been reported (PICOZZI, 1975) . No tags were pinned near genuine Gray-headed Lapwings' nests. This study defined that predation had occurred when at least one egg was broken or removed from an artificial nest.
The number of artificial nests surviving in the Gray-headed Lapwings' defended areas during breeding season was also surveyed in order to reveal the effect of nest-defense behavior on nest predation by Carrion Crows. In this analysis, artificial nests in the defended area were inspected 24 hours after setting, and a comparison was made with respect to the status of all artificial nests at that time.
4) Observation of the Crow behavior
During the survey on the distribution of Carrion Crows, their behavior was also recorded. This survey, carried out four times, had a total observation time of about 16 hours. In this survey, Crow behavior was divided into the following two categories.
(1) Landing on the ground: When Carrion Crows landed in a defended area, their behavior was regarded as 'intrusion'. Since they needed to land (intrude) to obtain eggs or chicks, intrusion without been attacked or mobbed by Gray-headed Lapwings should be to their benefit.
(2) Flying or perching on, electric wires or poles: When Crows perched on wires or flew about a defended area, their status was regarded as 'flight'
(that is, no-intrusion).
Because of the intense mobbing behavior manifested by Gray-headed Lapwing parents, the Crows' attempts to land and seize eggs or chicks frequently were thwarted.
These categories were used to evaluate the nest-defense effects of Gray-headed Lapwings; however, they do not show Carrion Crows predation success, but, rather, they do indicate their intrusion success before predation. Crow behavior during the Gray-headed Lapwings' pre-breeding season was compared to that during their breeding season.
RESULTS
1) Bird population in the study area
Gray-headed Lapwings were resident throughout the year, although very few individuals were observed in winter. In March 1991, the number of Gray-headed Lapwings increased suddenly, and then individually dispersed rapidly throughout the Nabeta reclaimed land.
By April, 30 to 40 pairs of Gray-headed Lapwings had built their nests in the study area. At the same time, many Carrion Crows (about 60-70 individuals) gathered in a particular part of the study area, but no more than three of their nests were found at the site (OHNO, unpublished).
A few raptors, consisting mainly of the Hen Harrier Circus cyaneus, the Marsh Harrier C. aeruginosus and the Merlin Falco columbarius were also observed. They prey on a few Gray-headed Lapwings in the study area.
2) Survival rate of all artificial nests
The artificial-nest experiments were carried out from the territory-making to the post breeding period. The survival rate of all artificial nests after 24 hours of being set in the territory-making period was 17.8%, but within 5 days of having been set, all nests had experienced predation (Fig. 3) . Few responses of Grayheaded Lapwings to threats by Carrion Crows were observed during this period. On the other hand, during this same period, Lapwings were observed to attack aggressively Hen Harriers, who preyed not on their eggs but on the Lapwings themselves. During the incubating and fledging periods the survival rates until the 24th hour after setting were 66.7% and 77.8%, respectively (Fig. 3) . However, 11.1% of the artificial nests remained safe after setting until the 8th day of the incubating period, and 17.8% remained undamaged until the 6th day of the fledging period (Fig. 3) . This tendency was supported by direct observation in the study area, where very intense nest-defense behavior of Gray-headed Lapwings against intruders and/or nest predators was noted during the incubating and fledging periods. A high survival rate (68.9%) until the 24th hour after setting was recorded during the post-breeding period when no Gray-headed Lapwings were observed (Fig. 3) . The difference in the survival rate until the 24th hour after setting among the four stages (for the territory-making, the incubating, the fledging and the post-breeding periods) was statistically significant (P<0.001, Cochran test; see Fig. 3 ). This difference suggests the possibility that nest-defense behavior by Gray-headed OHNO Jap. Lapwings significantly reduced predatory risk to nests.
3) Survival rate of artificial nests in the defended areas Thirty-three Gray-headed Lapwings' nests were found in the study area ( Fig.  2A) . The distribution of the nests was biased towards the southern part of this study area (Fig. 2A) . Ten artificial nests were situated in the defended areas ( Figs  3 and 5) . In the territory-making period, 2 artificial nests in the defended area survived until the 24th hour after setting, but 8 other nests were preyed upon (Table 1 ). In the incubating period, on the other hand, only 3 nests experienced predation. In the fledging period, 4 and 6 nests, respectively, were preyed upon, but, nevertheless, survived (Table 1) . Seven nests survived in the post-breeding period.
The number of preyed-upon nests until the 24th hour after setting was significantly higher in the territory-making period than in the incubating period (P <0.05, Fisher's exact probability test), while no significant differences existed between the incubating and the fledging period, nor between the fledging period and the post-breeding period (P=0.50, Fisher's exact probability test). The foregoing data suggest that the breeding Gray-headed Lapwings protected their own nests and their defended areas from nest predators. 
4) Change of Crow behavior
Crow behavior (intrusion or flight) was monitored during the pre-breeding and the breeding seasons of Gray-headed Lapwings (Table 2 ). In the pre-breeding season, 5 Carrion Crows intruded into the defended area, while no Crows were observed to have flown over the areas defended by Gray-headed Lapwings. In the breeding season, on the other hand, only one individual Carrion Crows intruded, whereas 4 Crows flew over the study area. As indicated in Table 2 , a statistically significant difference in the number of intruding Carrion Crows was observed between the pre-breeding and the breeding seasons (P<0.05, Fisher's exact probability test).
These data suggest that, during the breeding season of Gray-headed Lapwings, Carrion Crows were not able to intrude upon the defended areas because of the Lapwings' nest-defense behavior and, therefore, were able only to fly high over those areas.
D ISCUSSION
Survival rates of artificial nests in the defended area of Gray-headed Lapwing were greater during the incubating or fledging period than in the territory-making period ( Table 1) .
Since the major nest predator in the study area was observed to be Carrion Crows, these findings suggest that the intensive defense behavior of Gray-headed Lapwings against Carrion Crows resulted in a decrease of nest predation, and thus crucially effected on the survival rate of the artificial nests (Fig. 3) .
Furthermore, communal anti-predator attack seems likely to have been another factor that reduced nest predation, not only in the immediate area of their own nests but throughout the loose colony. This behavior may well have enhanced the efficiency of nest-defense behaviors, and hence have raised the survival rate of almost all artificial nests, both in defended and undefended areas.
This hypothesis implies that Gray-headed Lapwings could gain a higher nest-egg survival rate by breeding in tight colonies rather than in separation, although nests concentrated in a small area might permit easier predation to occur. Albeit, the Gray-headed Lapwing colony in this study was loosely, rather than densely, organized, very likely because individual territories facilitate feeding. Furthermore, the distributions of Gray-headed Lapwings and Carrion Crows did not overlap, and the former did not invade the gathering site of Carrion Crows but defended their own nest sites with intense anti-predator attacks (OHNO, unpublished). The findings of this study also suggest that Gray-headed Lapwings were forced to defend their nest areas from predators.
Similar findings were reported in several studies on the Lapwings (GORANSSON et al., 1975; ELLIOT, 1985a) and the Fieldfares Turdus pilaris (ANDERSSON & WIKLUND, 1978) . GORANSSON et al. and ELLIOT pointed out the importance of anti-predator aggression. ANDERSSON & WIKLUND showed that predation risk was markedly higher for artificial nests near solitary Fieldfare pairs than it was for artificial nests near colonies.
The number of intruding Carrion Crows during the Gray-headed Lapwings' breeding season was significantly smaller than during the pre-breeding season ( Table 2 ), suggesting that the behavior of the Carrion Crows (intrusion or flight) in the defended area changed according to the breeding behavior of the Lapwings. Very probably the mobbing behavior of the Gray-headed Lapwings made intrusion on to the ground more difficult for the Crows than was flight over the area. One apparent conclusion is that the behavior of the Carrion Crows in the defended area during the breeding season was altered by the Gray-headed Lapwings' intense mobbing behavior and communal anti-predator attacks. Beyond ELLIOT (1985a) , there are few studies conducted with Lapwings that bear on this problem. Elliot's study revealed that Carrion Crows were excluded from areas where territorial Lapwings settled, even though the Crows previously had foraged there. Another factor that might well be considered in examining the relationship between the breeding behavior of Gray-headed Lapwings and predation pressure is the density effect of their nests on nest predation and on their foraging behavior. This information would be useful in further studies on the evolution of colonial nesting and communal anti-predator attacks.
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